Thank you for submitting your manuscript on Arp4/8 structure for consideration by The EMBO Journal. I am sorry that it has taken us somewhat longer than usually to have it evaluated, mostly due to delays in finding available referees with a combination of suitable expertise at this time of the year. We have now eventually received the reports of three experts (copied below), and I am pleased to inform you that all of them consider your results important and interesting and thus in principle suited for publication in The EMBO Journal. Nevertheless, referee 2 raises a few well-taken concerns that should be addressed before eventual publication. As you will see, most of these points are rather minor and/or specific points, but what will be important is to provide some additional data demonstrating Arp4/8 interactions with actin (as detailed in major point 1).
I would therefore like to invite you to prepare a revised version of the manuscript along the lines suggested in the referee reports, which we should then be happy to consider further for publication. In this respect, please keep in mind that it is EMBO Journal policy to allow a single round of major revision only, and that it will thus be important to diligently answer to all points raised at this stage. When preparing your revision, please also bear in mind that your letter of response will form part of the Peer Review Process File, and will therefore be available online to the community in the case of publication (for more details on our Transparent Editorial Process initiative, please visit our website: http://www.nature.com/emboj/about/process.html). Finally, please also make sure to include the relevant PDB accession codes in the revised version, as this is a prerequisite to acceptance. In any case, please do not hesitate to get back to us should you need feedback on any issue regarding your revision.
Thank you for the opportunity to consider your work for publication. I look forward to your revision. The yeast Arp4 and Arp8 proteins are members of the actin related family of proteins which share the conserved actin fold domain. These proteins (both in yeast and human cells) are also subunits of one or more ATP-dependent chromatin remodeling complexes (e.g. INO80), and in this context they are found in association with monomeric actin. Arp subunits have been shown previously to play essential roles in either assembly or function of chromatin remodeling enzymes, in many cases by directly interacting with the ATPase catalytic subunit. How Arps modulate remodeling enzymes is not clear. In this paper by Hopfner and colleagues, they describe the high resolution crystal structure of Arp4, and to my knowledge the first such strucure for a nuclear Arp. They also determine a solution structure for both Arp4 and Arp8, using X-ray scattering (SAXS analysis). The structures are of high quality and accurately describe both the similarities and differences among Arps and actin. In particular, the authors do an extremely good job and discussing features of the Arp4 structure as it relates to possible functions, and they nicely discuss how the bound ATP is held quite differently within Arp4, explaining the lack of hydrolysis activity. In addition to the structural studies, which by themselves represent a significant advance, the authors also carry out detailed biochemical analyses of the impact of purified Arp4 and Arp8 on actin dynamics. Here again the data are solid, well developed, and the conclusions are balanced. They find that whereas each individual Arp has a minor impact on actin dynamics, the combination of Arp4/Arp8 (as found in remodeling complexes) has a potent actin depolymerizing activity. This activity nicely explains why actin is monomeric in remodeling enzymes. In general, this is an outstanding piece of work with no significant flaws. The work will be of much interest in the chromatin community as well as a valuable piece of work within the community interested in the actin superfamily.
Referee #2 (Remarks to the Author):
The paper by Fenn et al. describes the crystal structure of Arp4, and actin-related protein in the nucleus, a SAXS study of both Arp4 and Arp8 and a detailed biochemical analysis of Arp4, Arp8 and their effects on actin assembly. The work is carefully done, and of excellent quality. For the most part, the paper is well written and the findings support the conclusions. The subject is of significant interest to people interested in the cytoskeleton, chromatin remodeling and potential roles of actin in the nucleus, which is a very broad audience. Therefore, without hesitation I recommend publication in EMBO J.
However, I think that the paper can be improved in some significant ways, as detailed below.
Major concerns and criticism (in order of importance) 1. A large portion of the work, specifically most of the biochemical results, rely on the notion that actin interacts directly with both Arp4 and Arp8, but these interactions are not formally demonstrated. This should be addressed. There is nothing wrong with the biochemical data, which is actually elegantly performed, but it is the fact that everything would fall apart if the purported interactions of actin with Arp4 and Arp8 independently, as well as simultaneously with both these proteins, do not exist. I am surprised that nothing was done in this regard, for instance a native gel shift, gel filtration analysis of the complex(es), AUC, light scattering or even SAXS! This is the weakest point of the paper.
2. Connected to the point above, the whole section entitled "Model for actin-Arp4 interaction" should be removed. The interaction is not even demonstrated and it is already being modeled. This is an extremely speculative and unsupported section that takes the paper down. In other words, the good data should never be mixed with this bad section, which is absolutely unnecessary. Plus, the alleged Arp4 dimer seen in the crystal structure (a NCS contact), which was used as the basis to propose the model of the actin-Arp4 interaction, obviously does not occur in solution, or else it should have been observed by SAXS.
3. The discussion is disappointing, it is extremely speculative, and misses the opportunity to put all the excellent results to good use.
Minor, but important and easily addressable points (not in order of importance):
1. A general recommendation is to avoid colorful words that don't add to the content. When used in moderation these words can make a text more attractive, but over-usage is always a bad idea. For instance, in the abstract "intriguing", "itself" and "Remarkably" can all be removed. P-12 "nicely explaining", explaining is enough. Etc, etc. The sentence in the discussion "We revealed a set of surprising features of Arp4 that have profound consequences for our view on nuclear Arps and their biochemical relationship to actin" is pure water.
2. Give sequence identity, and even better, show an alignment in SI of actin, Arp4 and Apr8.
3. Page 7 first paragraph; note that regular actin is also an extremely poor ATPase, and only becomes a good ATPase in the filament. So, to emphasize Arp4's low ATPase activity the comparison should be with filamentous actin, which is the strong ATPase ( 6. Page-13, second paragraph, "However, it shifted ..." Specify that this is in the presence of CapZ.
7. The parallel between profilin and Arp4 could be strengthened if the barbed end interaction of Arp4 is formally demonstrated (as explained in major point 1 above). Competition binding experiments could possibly help, for instance with ADF/Cofilin that also binds ADP-actin with higher affinity.
8. Page 16, paragrapgh-2 "Thus, we suggest that Arp8 binds ADP-actin with slow kinetics in a region of the monomer that is not involved in interactions with the barbed end of the filament." Because the pointed end is the region of actin that interacts with the barbed end of the filament, this sentence implies that Arp8 binds ADP-actin at the barbed end. However, this is where Arp4 is supposed to bind. But Arp4 and Arp8 can co-bind actin. I think this whole interaction issue needs clarification, in addition to demonstration. Same for the sentence "Thus, we propose that both proteins efficiently bind to and sequester monomeric ADP-actin in a synergistic fashion." page 17. If they bind ADP-actin so efficiently, it should be easy to demonstrate it.
9. Figure 4A is unnecessary in main text, it can be supplemental (this is not data obtained in this work).
10. Add pdb accession number in Table 1 .
Referee #3 (Remarks to the Author):
This paper solves the structure of Arp4 and Arp8 and analysed their effect on actin polymerization in vitro. They also solved the structure of Arp4 together with Actin. The solution structures of isolated Arp4 and Arp8 show that they are monomeric -which is new. The crystal structure of ATP-Arp4 helps explain why Arp4 does not form filaments itself. Remarkably, Arp4, assisted by Arp8, influences actin polymerization in vitro and is able to depolymerize actin filaments. This is very important and is the first examination of in vitro of the function of actin-related proteins and their interactions with actin. The observation is of fundamental importance.
The authors suggest that Arp4 and actin likely assemble to enable nuclear actin to remain in the INO80 chromatin remodeler complex, rather than forming actin polymers. Consequently, INO80 is proposed to regulate actin polymerization at sites where INO80 is recruited. Consistently, the knockdown of mammalian Arp4 (BAF53)was shown by others to increase chromosome territory size. Deletion of Arp8 led to increased and abnormal cell morphology -(shown by others). The authors thus propose a role for Arp4 and Arp8 in actin metabolism. This is a clear testable model based on their structure analyses. This is an important and original contribution to our undestanding of the function of nuclear Arps and nuclear actin. It does not yet explain changes in nuclear morphology as they suggest it might, but the work is nonetheless original and important. I recommend acceptance. We thank all reviewers for their careful analysis of our manuscript and their helpful comments. We are pleased that all three reviewers find our manuscript compelling and recommend its publication.
Reviewer 1 states that "in general, this is an outstanding piece of work with no significant flaws", Reviewer 2 acknowledges that the paper is interesting for "a very broad audience" and did "without hesitation recommend publication in EMBO J" and Reviewer 3 finds it to be "an important and original contribution to our understanding of the function of nuclear Arps and nuclear actin" and recommends acceptance as well.
Reviewer 2 went to great length in analyzing our manuscript in detail. We thank him for his thoughtful suggestions and have tried to tackle the issues that he has raised in his review. His main criticism was that the direct interactions between actin and Arp4 or Arp8 respectively were never formally demonstrated but were only inferred from the strong hints gained from the biochemical data. To address this we performed interaction studies between actin and Arp4 and Arp8. Using the method of surface plasmon resonance we could demonstrate that Arp4 and Arp8 are indeed able to directly interact with actin. The Kd determined for Arp4 is well in agreement with the previously determined Kd from the critical concentration assay. We think these experiments together with the biochemical data already present in the manuscript including the effects of Arp4 and Arp8 on actin polymerization and depolymerization as well as the critical concentration for actin polymerization clearly supports our conclusions about the interaction of Arp4 and Arp8 with actin. Please find our detailed point by point response to all of the reviewerís comments below. For the reviewerís convenience we have marked all additions to the manuscript in red. We hope that these additional experimental data and our revisions help to clarify the refereeís points and the manuscript will be accepted for publication.
Referee #1 (Remarks to the Author):
The However, I think that the paper can be improved in some significant ways, as detailed below.
Major concerns and criticism (in order of importance) A large portion of the work, specifically most of the biochemical results, rely on the notion that actin interacts directly with both Arp4 and Arp8, but these interactions are not formally demonstrated. This should be addressed. There is nothing wrong with the biochemical data, which is actually elegantly performed, but it is the fact that everything would fall apart if the purported interactions of actin with Arp4 and Arp8 independently, as well as simultaneously with both these proteins, do not exist. I am surprised that nothing was done in this regard, for instance a native gel shift, gel filtration analysis of the complex(es), AUC, light scattering or even SAXS! This is the weakest point of the paper.
We thank the reviewer for this valuable comment. To address this point we performed surface plasmon resonance (SPR) experiments on a Biacore machine. Actin was coupled to the surface of a sensor chip and tested by the addition of DNaseI as a binding control. As expected the DNase binds strongly to actin on the chip whereas BSA as a negative control does not bind at all. Arp4 and Arp8 respectively were added to test for their binding. We find that: a) Arp4 binds specifically to actin coupled to the chip in a concentration dependent manner indicating a direct binding of Arp4 and actin. The Kd of the interaction can be deduced to be around 2 M and thus lies in the same range as determined by the critical concentration assay (8 M). The sensograms of the surface plasmon resonance experiments have been added to the supplementary information. b) Specific binding to actin immobilized on the chip can also be measured in the case of Arp8 and thus indicates a direct binding of Arp8 and actin as well. In the case of Arp8 however a high unspecific binding to the reference channel on the chip precludes a detailed analysis of the binding behavior of Arp8 and the determination of a binding constant. The sensograms have been added to the supplement of the paper. Other methods to detect a stable complex between Arp4 and actin and Arp8 and actin respectively, like analytical gel filtration as suggested by the referee, or pull down experiments were less successful in detecting a strong interaction between the proteins. The reason for that might be the transient nature of the interaction which leads to a loss of binding in non equilibrium methods like pull downs and analytical gel filtrations. The problem with scattering methods like light scattering or SAXS is that the actin preparation is never perfectly monomeric but always contains a fraction of higher order oligomers or small polymers. These high molecular weight species strongly dominate the scattering pattern of the entire sample and make it impossible to precisely analyze changes in molecular weight that occur upon addition of Arp4 We thank the reviewer for this observation and agree that at this point the model has not been unambiguously validated by our experimental data. Accordingly we have removed the model as suggested by the referee.
The discussion is disappointing, it is extremely speculative, and misses the opportunity to put all the excellent results to good use.
We revised the discussion to make it a bit more concise. Unfortunately the referee did not specify which points exactly he did not like or finds too speculative. We feel that one function of the discussion is to widen the focus and discuss paths for future research even if they might be a bit speculative at this point. We agree that the paper does not exhaustively address the impact of Arp4 and Arp8 on actin dynamics in the context of the remodeler INO80. However, since Arp4 and Arp8 form a module together with actin and the N terminal HSA domain of INO80 (Szerlong et al, 2008) we think that the discussion of a possible role of that specific Arp/Actin module that exceeds the mere recruitment of actin into the complex should be part of the manuscript. Furthermore it is the policy of EMBOJ to encourage the discussion of the work in a broader context as stated in the guidelines for authors.
Minor, but important and easily addressable points (not in order of importance): "intriguing", "itself" and "Remarkably" can all be removed. P 12 "nicely explaining", explaining is enough. Etc, etc . The sentence in the discussion "We revealed a set of surprising features of Arp4 that have profound consequences for our view on nuclear Arps and their biochemical relationship to actin" is pure water.
A general recommendation is to avoid colorful words that don't add to the content. When used in moderation these words can make a text more attractive, but over usage is always a bad idea. For instance, in the abstract
We thank the referee for pointing that out. We tried to reduce the use of filler words and overly colorful phrases throughout the text. We hope this makes the whole article more readable. This is an interesting point. The best currently available models of filamentous actin are as the referee mentioned the model from Fuji et al which was obtained by electron microscopy and has a resolution of 6.6 ≈ and the model of Oda et el which was obtained by fiber diffraction combined with molecular dynamics simulation and has its weakest resolution at 5.6 ≈ along the radial direction. Both models consequently are not at atomic resolution and there is no definitive knowledge about the position of amino acid side chains within the actin filament. Therefore, we decided to compare our atomic model of Arp4 with available atomic models of monomeric actin. It is possible however to compare the masking of the nucleotide in Arp4 with the masking as seen in filamentous actin (Fuji et al) . This is connected with the minor point #5 below. We created surface representations as suggested by the referee in minor point #5 which illustrate the stronger masking of ATP by Arp4 as compared to actin (Fuji et al) and added them to the supplementary information. The experimental scattering data of Arp4 and Arp8 as well as their Kratky plots and P(r) distributions were included in the supplement. The molecular weight determination of Arp8 as obtained from SAXS indicates the protein to be monomeric and no hints at higher oligomers were detected. Depicted in figure 2 part B is an overlay of the final averaged ab initio shape reconstruction of full length Arp8 (blue envelope) and N terminally truncated Arp8 lacking the first 255 amino acids (red envelope) derived from SAXS experiments. The crystal structure of yeast actin (pdb: 1YAG, cyan) is docked into the envelopes for comparison. The SAXS envelopes of both full length Arp8 and the N terminally truncated protein are larger than the actin fold. This is expected however as Arp8 contains several insertions compared to actin. See also the sequence alignment of Arp8 and actin (compare to minor point #2).
SAXS

Page 9, first paragraph, about the masking of the nucleotide in Arp4; consider showing a stereo diagram of the nucleotide site and a surface representation (except for nucleotide), showing masking of the nucleotide in Arp4, as compared to actin.
We thank the referee for this suggestion. A panel showing the masking of the nucleotide in surface representation has been added to the supplement (see response to minor point #3).
6. Page 13, second paragraph, "However, it shifted ..." Specify that this is in the presence of CapZ. Changed as suggested.
The parallel between profilin and Arp4 could be strengthened if the barbed end interaction of Arp4 is formally demonstrated (as explained in major point 1 above). Competition binding experiments could possibly help, for instance with ADF/Cofilin that also binds ADP actin with higher affinity.
We demonstrated the direct interaction of Arp4 and actin by SPR (see above major point 1).
Howeverwe did not formally demonstrate that this interaction occurs via the barbed end. Consequently weremoved the model of the Arp4 actin interaction (see above major point 2). Nevertheless the resultsfrom the critical concentration assay point towards a preferred interaction of Arp4 and actin via the barbed end. To the first point: We have demonstrated with SPR that Arp8 directly interacts with actin (see major point #1). On the other hand the results from the critical concentration assay indicate that Arp8 does
